INTRODUCTION
============

Since various forms of fluorides have met wide acceptance for use in the prevention of dental caries, the metabolism of fluoride is of considerable interest.[@b1-0010021]--[@b3-0010021] The human organism is exposed to fluoride in a number of ways. Ingestion of fluoride is accomplished through various foods; drinking water and fluoride containing products comprising dentifrices, mouth rinses, tablets, drops, etc.[@b4-0010021]--[@b6-0010021] Hard tissues are known to be the major sites of fluoride accumulation in the human body. Approximately 99% of the total body burden of fluoride is retained in bones and teeth, with the remainder distributed in highly-vascularized soft tissues.[@b4-0010021],[@b5-0010021] Kidneys are the primary route for the removal of fluoride from the body. Other routes of fluoride excretion are sweat, feces, saliva and breast milk of lactating mothers.[@b4-0010021],[@b5-0010021],[@b7-0010021]

Breast milk is the major dietary intake of infants in the early stage of life. The level of fluoride in breast milk plays an important role as a fluoride supplement to the infant.[@b8-0010021] Conversely, the concentration of fluoride could be deemed critical regarding the potential dental fluorosis that may result from high concentrations of dietary fluoride.[@b9-0010021],[@b10-0010021]

Plasma is the biological fluid into which fluoride must pass for its distribution elsewhere in the body as well as its elimination from the body. For these reasons, plasma is often referred to as the central compartment of the body.[@b6-0010021] Factors that include fluoride intake from various sources may affect plasma fluoride levels, and thus fluoride content of breast milk.

The aim of this pilot study was to determine the fluoride levels of breast milk and plasma of lactating mothers and the correlation between breast milk and plasma fluoride levels in mothers who regularly consume drinking water with low levels of fluoride.

MATERIALS AND METHODS
=====================

One hundred twenty five mothers aged between 20--30 years old with hospitalized newborns due to icterus neonatorum were included in the study. Signed consent was obtained from the participants after explanations regarding the study protocol. The human ethic committee of Selcuk University Experimental Research Center (SUDAM) approved this study (Approval No:2004--034).

Besides being otherwise healthy, the primary selection criteria stipulated the absence of fluoride supplement consumption one month before delivery. The participants regularly consumed drinking water from the same city supply which has been previously shown to contain low levels of fluoride (approx. 0.3 ppm).[@b11-0010021] The mothers consumed a regular hospital diet.

Milk and plasma samples were collected from lactating mothers within 5 to 7 days after delivery. For milk samples, the breast was swabbed with cotton wool and distilled water before milk collection. The mother was instructed to press the breast gently to facilitate collection of 5 ml of milk into a polyethylene tube. At the same appointment, 5 ml of blood was obtained and transferred into a fluoride-free heparinized polyethylene tube. Thereafter, the plasma was separated from the blood by centrifugation for 3 min at 3500 g. Milk and plasma samples were further stored at −18°C until analyses. Before fluoride measurements, the samples were thawed at room temperature.

To determine fluoride concentrations, equal volumes of TISAB II buffer (Orion Research, U.S.A.) was added into the samples. All samples were homogenized using magnetic stirrers throughout the measurements. An ion-selective electrode (Model 96--09, Orion Research, USA) was used in conjunction with a Model EA 910 ion analyzer (Orion Research, USA) to measure the fluoride concentrations of the breast milk and plasma samples.

Paired t test was used to determine the differences between fluoride concentration of breast milk and plasma. Pearson correlation analysis was used to assess any possible relationship between plasma and breast milk fluoride levels.[@b12-0010021]

RESULTS
=======

The concentrations of fluoride in breast milk and plasma are presented in [Table 1](#t1-0010021){ref-type="table"}. The mean fluoride concentration of the plasma samples was 0.017±0.011 ppm (range 0.006--0.054 ppm). The mean fluoride concentration of the breast milk samples was 0.006±0.02 ppm (range 0.003--0.011 ppm).

Paired t test showed that the fluoride concentrations of plasma were significantly higher than those of the breast milk (P=.000). Pearson analysis revealed a significant correlation between the fluoride concentrations of breast milk and of plasma (P=.000). When a mother's plasma fluoride concentration was above (or below) the mean plasma fluoride level of the entire study group, the breast-milk fluoride levels were affected accordingly.

DISCUSSION
==========

Several methods are used to determine fluoride levels in biologic tissues that include spectrophotometry,[@b13-0010021] gas chromatography,[@b14-0010021] capillary electrophoresis,[@b15-0010021] micro diffusion,[@b16-0010021] and ion analysis in conjunction with ion-selective electrodes.[@b17-0010021] As utilized in the present study, the most common procedure used to quantify free fluoride anion is the ion-selective electrode.[@b18-0010021]

The plasma fluoride concentration displays an increase along with fluoride intake. This increase is, however, attenuated due to distribution to the interstitial and intracellular fluid uptake by calcified tissues and renal excretion.[@b5-0010021] The literature contains a wide range (0.008--0.045 ppm) of reported normal plasma fluoride concentrations.[@b6-0010021],[@b18-0010021] The diversity of values may have been due to the inclusion of fasting individuals as subjects in contrast to other studies employing non-fasting participants.[@b18-0010021] Certainly, other factors that include methodological variations as well as the fluoride levels of drinking-water consumed by subjects should have a strong impact on the reported values.[@b18-0010021] Li et al[@b19-0010021] reported a mean plasma fluoride concentration of 0.106±0.076 ppm in 127 subjects. In their study, the subjects were selected from a region with the drinking water fluoride concentra tions of 5.03 ppm. In the present study the mean plasma fluoride concentration was 0.017±0.011 ppm. Our finding corroborates those of Fejerskow et al[@b6-0010021] and World Health Organization (WHO).[@b18-0010021]

Breast milk possesses unique nutritional, biochemical, anti-infective and anti-allergic properties. As breast-fed infants obtain fluids almost exclusively from their mothers, breast milk represents an important way for delivering fluoride with certain levels to infants.[@b20-0010021] The level of fluoride in human milk has been a topic of investigation for many years. Medical literature contains a wide range for fluoride levels in breast milk. It is probable that problems with the analysis of fluoride have been contributory. According to the WHO,[@b18-0010021] the breast milk fluoride levels range from \<0.002 to about 0.1 ppm, with most values being between 0.005--0.010 ppm. The mean breast milk fluoride concentrations obtained here in (0.006±0.002 ppm) are in line with the WHO.[@b18-0010021] Dabeka et al[@b8-0010021] showed that the concentration of fluoride in breast milk was related to the content of the drinking-water consumed by the mothers. The mean concentration of fluoride in breast milk obtained from 32 women consuming drinking water that contained \< 0.16 ppm was 0.004 ppm, whereas breast milk obtained from 112 women consuming drinking water containing 1 ppm reportedly was 0.009 ppm.[@b8-0010021] Similar levels of fluoride concentrations of breast milk and colostrum (0.008 ppm) have been reported by Spak et al.[@b1-0010021] However, Spak et al[@b1-0010021] found no significant difference in breast milk fluoride concentrations of mothers living in areas with low and high drinking-water fluoride concentrations.

In the present study, the strict selection criteria which stipulated absence of recent use of fluoride supplements was a preventive measure to control variables that could interfere with the results. Additional limitations included selection of patients from a region with low drinking water fluoride levels (\<0.3 ppm). In light of previous work,[@b8-0010021] however, it is apparent that the fluoride concentration of breast milk in mothers regularly consuming higher concentrations of fluoridated water is still within normal limits.

Theoretically, a limited transfer of fluoride from plasma to breast milk should occur.[@b21-0010021] The mechanism(s) responsible for the selective transfer of fluoride into breast tissue is obscure.[@b21-0010021] It is thought that a physiological plasma-milk barrier functions against to fluoride.[@b1-0010021],[@b2-0010021],[@b6-0010021] Despite high doses of supplementary fluoride administered to the mother, the child receives a maximum dose of only 0.2% of the mother's fluoride intake.[@b1-0010021],[@b2-0010021] The results obtained in our study confirmed these conclusions. It should, however, be noted that the fluoride content transferred through breast milk is less than those present in cow's milk and in infant formulas, utilized as routine substitutes for breast milk. Rahul et al[@b3-0010021] found that fluoride concentrations of various commercially available infant milk formulations ranged from 1.95 ppm to 7.45 ppm and fluoride content of cow's milk samples was 0.12 ppm; values exceeding those of breast milk.

CONCLUSIONS
===========

It has been verified by the positive correlation between plasma and breast-milk fluoride concentrations in subjects selected meticulously in terms of low drinking water fluoride levels. While the results of the present study confirm previous data regarding the difference between plasma and breast-milk fluoride concentrations, it is evident that more research, coupled with a wider study population is indicated to clarify the exact interactions between plasma fluoride levels and those of breast milk.

###### 

Fluoride concentrations of breast milk and plasma.

                        Min     Max     Mean±SD
  --------------------- ------- ------- -------------
  Plasma (n=125)        0.006   0.054   0.017±0.011
  Breast milk (n=125)   0.003   0.011   0.006±0.002
